Background: Use of generic medicines in Ireland has historically been low. New legislation, in 2013, introduced reference pricing and generic substitution in Ireland for the first time. Also, as patents have recently expired for many familiar medicines, Irish patients are more likely than ever to receive a generic medicine. Objective: As the Internet is a primary source of information for patients seeking information on healthcare matters, this study aims to assess -in terms of quality and accessibility -information on generic medicines that a searcher in Ireland is likely to find online. Methods: Internet searches were completed using a computer with an Irish Internet Protocol address. Search results were evaluated with respect to quality of information, using a newly developed Website Quality Assessment tool, and for readability, using existing methods. The reproducibility of the tools was assessed, and correlations between Website Quality Assessment score, readability statistics and Google search engine results page ranking were determined. Results: This novel and topical evaluation showed that, of the websites most likely to be seen by a searcher, none demonstrated the desired combination of scoring highly for both quality of information and readability. Conclusions: Patient education is a key factor in implementation of the changes planned in the Irish healthcare system. There is a gap in online knowledge provision in Ireland, which, if filled by a website designed using the Website Quality Assessment tool developed in this study, can correct this deficit by providing accessible, high-quality information.
Introduction
Irish healthcare spending in 2010 accounted for 9.2% of GDP, 1 with a total expenditure on pharmaceuticals amounting to E2.2 billion and public expenditure on pharmaceuticals (administered by the Primary Care Reimbursement Service) amounting to E1.9 billion. Public expenditure on pharmaceuticals was amongst the fastest growing components of public health expenditure over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . It increased by 158.5% in real terms and accounted for 12.9% of total public health expenditure in 2010 (up from 10.1% in 2000). 1 Historically, Ireland's usage of generic medicines has been low relative to many other European countries. Information from the European Generic Medicines Association stated that the volume of generic medicines used in Ireland in 2006 was approximately 5%, and in a report written by the National Centre for Pharmacoeconomics for the Irish Department of Health and Children in 2008, it was reported that generic prescribing in Ireland had fallen from over 22% by volume in 1997 to just over 19% in 2007. 2 As a result of this poor penetration by generic medicines, Irish expenditure per 1000 inhabitants per annum is 10 times that of Sweden, putting
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In the context of the current global economic downturn and the impact it is having on the Irish economy, the Irish government has explored many options to curtail public spending. In the healthcare system, a decision was made to benefit from cost-savings associated with use of generic medicines through introduction of generic substitution and reference pricing. The Health (Pricing and Supply of Medical Goods) Act 2013, which was signed into law in June 2013, 3 makes it more likely that patients will receive greater amounts of generic medicines in the future. When a patient is faced with using a generic medicine, possibly in place of a trusted brand-name medicine, the Internet is likely to be one of the first resources that they will turn to in order to find information about what generic medicines are and how they may differ from proprietary medicines.
Hence, this study asks the question: what is the quality and accessibility of information, regarding generic medicines, that Irish patients are likely to find on the Internet?
Methods

Choice of search engine
StatCounter, a web analytics company, reports in their 'GlobalStats graph' that -for the 12-month period from January 2012 to January 2013 -Google was the most commonly used search engine globally, holding approximately 90% of the worldwide search engine market. 4 Therefore, as Google is the search engine of choice globally, Google was the search engine used for this study (www.google.ie and www.google.com).
Choice of search term
A patient wishing to make an Internet enquiry about a generic medicine is likely to use either the term 'generic drug' or 'generic medicine' as their search term. To accommodate both of these terms, the search term used for this study was 'generic medicine OR drug' (without the quotation marks, and with the 'OR' capitalised).
Our rationale is that Google's default behaviour is to consider all the words in a search. In order to allow either of the words 'drug' or 'medicine' to be searched for, the 'OR' operator can be used (the OR must be in CAPS). With this search, Google will return Search Engine Results Page (SERP) hits that contain the word 'generic' and either of the words 'drug' or 'medicine'. Without the 'OR' operator, Google would only return SERPs that have both the words 'drug' and 'medicine' on the page, as the 'AND' operator is the default. 5 Searches were done during March 2012.
Inclusion of web sites
A study from 2008 showed that 68% of search engine users click a search result within the first page of results (the default for Google is 10 results per page) 6 and are unlikely to go to the second page of search results. Therefore, following a search using the identified search term, the results on the first SERP returned, that meet the following inclusion criteria, were assessed: (a) web site is written in English; (b) web site is not a portal serving to provide links to third-party sites; (c) web site is not a news story (e.g. as found by the Google news search); (d) web site is not a sales website and (e) website is not spurious and is related to the topic of generic medicines.
Determination of variability associated with domain
In order to fully determine any search results that could be seen by an Irish searcher, searches were performed using both google.ie and google.com on a computer with an Irish Internet Protocol (IP) address. Every device (e.g. computer, tablet and printer) on a computer network has a unique, numeric identifier called an IP address. Analogous to how someone sending a letter would write the intended address on the envelope, a computer's IP address is used to identify and locate that specific device on a computer network or on the Internet 7 ).
Assessment of quality of information
The questions in Table 1 -Website Quality Assessment (WQA) Questions for Website Information -were asked in relation to each website. The WQA tool consists of 22 yes/no-type questions, where a point is awarded for positive or correct information. No points are awarded where information was lacking or for inaccurate information. Questions that could not be answered were designated 'not applicable' (N/A) and no score awarded. An overall WQA score for each website was aggregated from the scores given to each assessment question.
The questions in the WQA were designed to account for all of the information that a patient might need in order to accurately answer any questions they may have about generic drugs, for example: an explanation as to what a generic drug is and how it differs from a proprietary drug -including price and 
Assessment of website readability
A minimum of a 100-word sample of continuous text from each of the websites was extracted and imported into MS Word. This text was then analysed using the Flesch Reading Ease score 8 in the Word application. Word's Flesch Reading Ease score is based on a formula developed in 1948 by Rudolf Flesch. 8 It is computed using the average number of syllables per word and words per sentence. Syllables-per-word is a measure of word difficulty. Words-per-sentence is an indicator of syntactic complexity.
The Flesch Reading Ease scale ranges from 0 to 100. Zero to fifty is very difficult to difficult reading. Eighty and above is easy to very easy reading. Flesch himself set the minimum score for plain English at 60. 8 Microsoft's documentation encourages authors of standard documents to aim for a score of 60-70. 9, 10 Additionally, the Flesch-Kincaid Grade Level was used to determine the readability score for each website. The Flesch-Kincaid Grade Level, which was developed in 1975, measures the readability of a document based on the minimum education level required for a reader to understand it. 11 Microsoft recommends aiming for a Flesch-Kincaid score of 7.0-8.0 for most documents. According to a 1993 study, the average adult in the United States reads at the seventh-grade level, and the authors of that study recommended that materials for the public be written at a fifth-or sixthgrade reading level. 9 Fifth and sixth grades in the United States equate to the last 2 years of primary school in Ireland (fifth and sixth class), and seventh and eighth grades in the United States are the equivalent of the first 2 years of secondary school in Ireland (first and second year).
Statistical analyses
Two reviewers independently rated each selected website and their scores were compared to assess reproducibility of the WQA tool and the readability assessments. The intraclass correlation coefficient (ICC) was used to measure reproducibility between reviewers' independent ratings. Scatter plots and Spearman's correlation coefficient were used to describe and measure the association between the ranking of websites with WQA scores and readability assessments. The scores from the developer of the assessment tool (SSD) were used in the correlation analyses.
Results
Determination of websites for assessment
Twelve (12) unique hits were identified from the first SERPs of the two searches performed. Of these, two hits were discarded, as they were sales websites. Therefore, a total of 10 individual websites were assessed using the WQA tool. Results of the assessments for each of the websites are displayed in Table 2 , which additionally show the ranking on the Google SERP for each website assessed, in the two different domains (i.e. google.ie and google.com).
Analysis of websites from search results
Visual analysis of the search results (Table 2) showed that Wikipedia (a collaboratively edited, multilingual, free Internet encyclopedia supported by the non-profit Wikimedia Foundation) was the number one ranked search result in both of the searches completed. This is consistent with the findings in other studies. 12, 13 Wikipedia is the sixth most accessed website on the Internet globally, 14 and both this fact and the results from this study demonstrate that Wikipedia is highly likely to be visited by Irish information seekers, including those seeking medical/healthcare information. The majority of the search results obtained was common to both Irish SERPs with the exception of two websites: (a) the National Medicines Information Centre bulletin on Generic Prescribing and (b) news-medical.net's page entitled What Are Generic Drugs?, which appeared only in the google.ie search. The corresponding two websites seen in the google.com search were sales websites, which were discarded and, therefore, not assessed.
WQA scores
The WQA tool (Table 1 ) employed the use of 22 yes/ no-type questions to assess the quality of information contained in each website. None of the websites assessed scored the maximum achievable score of 22. The highest score awarded during the WQA rating exercise was 17 -awarded to two websites: (a) Netdoctor.co.uk's page entitled Branded and Generic Medicines and (b) a bulletin on Generic Prescribing from the National Medicines Information Centre in St. James's Hospital, Dublin.
Six of the websites assessed achieved a WQA score of 15 or greater, as can be seen from the information given in Table 2 . The lowest score awarded was a WQA of 9. Figure 1 (a) describes the relationship between WQA scores and ranking of the websites in the google.com search indicating that websites ranked higher (1, 2, etc.) tended to have higher WQA scores. The relationship between WQA scores and ranking was strong in the google.com search (Spearman's correlation coefficient r s ¼ À0.49) although no relationship was found between rankings and WQA score in the google.ie search (Figure 1(b) ).
Readability scores
A Flesch Reading Ease score of 60 or greater and a Flesch-Kinkaid Grade Level of less than 8 are recommended for general ease of reading. Only one of the websites assessed had a Reading Ease score of greater than or equal to 60 -the rxlist.com page Facts About Generic Drugs. This website also scored well for Flesch-Kinkaid Grade Level, with a score of 4.6; however, it scored relatively poorly for quality of information as determined by WQA, with a score of 9 out of a possible maximum of 22 -the lowest WQA score awarded during this study. All of the other websites assessed had Reading Ease scores below 60, indicating that they might not be very accessible to the general public.
Only one additional website had a Flesch Kinkaid Grade Level score of 8 or less: the patients.about.com page Generic Drugs: Know the Benefits and Differences of Generic Drugs. This website scored reasonably well on WQA, achieving a score of 16. In fact, the highest scoring websites for WQA had relatively poor Reading Ease and Grade Level scoresindicating, again, a potential lack of accessibility of the material contained therein to members of the general public. Figure 1 (c) and (d) describes the relationship between Reading Ease scores and ranking of the websites in the google.com and google.ie searches. In general, the top-ranked sites (placed 1, 2, etc.) tended to have the higher reading ease scores in the google.ie search (r s ¼ À0.64). A moderate relationship was found in the google.com search (r s ¼ À0.33). A strong relationship between Flesch-Kinkaid Grade Level and ranking of websites was found for the google.ie search (r s ¼ 0.58), indicating that the top-ranked sites tended to have lower values for grade level. The relationship between grade level and website ranking was weaker, however, in the google.com search (r s ¼ 0.24). Figure 1 (e) and (f) describes the relationship between FleschÀKinkaid Grade Level scores and ranking of the websites in the google.com and google.ie searches.
Reproducibility
Comparison of the scores of the two independent reviewers (SSD and NMC) shows that, for WQA assessments of the websites, almost perfect agreement was seen (ICC ¼ 0.97). Similar analysis of the readability of the websites using Flesch Reading Ease score and Flesch-Kinkaid Grade Level showed moderate to strong levels of agreement between the two reviewers (ICC value ¼ 0.69 and 0.52, respectively).
Readability scores were assessed by taking a section of text from the website and calculating readability statistics using MS Word. As each rating was independent, different sections of text were likely to be taken from each of the websites assessed. This variation in the text taken is likely to account for the lower levels of agreement for the reading assessments, compared to the WQA tool. Given the subjectivity of this type of readability assessment and the possible variability in the text selected by reviewers for assessment, it is reasonable to state that a moderate consistency in the writing throughout the websites assessed was observed.
Overall, the WQA and readability scores demonstrate acceptable reproducibility between two independent reviewers. 
Discussion
With the coming into force of new legislation introducing generic substitution and reference pricing into the Irish healthcare system for the first time, 3 Irish patients are far more likely to receive generic medicines than any time in the past -particularly when Ireland's relatively poor record of generic medicines usage is taken into account. 15 Usage of generics in Ireland was at 19% in 2007 2 compared, for example, to approximately 83% in UK, 16 thus providing considerable scope for cost savings in the Irish drug budget with little impact on patient welfare. An increase in use of generics is associated with significant cost savings, for example in 2010 alone, the use of generics in the American health system saved US$158 billion, an average of US $3 billion every week, 17 and a study by the Generic Pharmaceutical Association showed that prescribing of generics has saved the US economy $931 billion between 2001 and 2010. 18 Analogous savings may be possible in Ireland.
As many misconceptions exist about generic medicines, and given that some healthcare professionals have expressed poor opinions of generics in the past, 15 there is a challenge in ensuring that accurate and relevant information is communicated to the general public. This challenge includes not only the necessity to provide accurate information (including facts on both positive and perceived-negative factors), to dispel myths and to counter misinformation, but also to present the material in a manner that is accessible to the intended audience. It has been reported that, in the case of patients particularly, misconceptions and questions persist about generic medicines and that accurate information can be difficult to come by. 19 In the context that the Internet is one of the first places a patient is likely to go when they are looking for medical/healthcare information, 20 this study has shown that an Irish patient searching the Internet for information about generic medicines is unlikely to find a website that has both high-quality information (as determined by WQA ranking) and is widely accessible to a lay-audience (as measured by readability statistics). While websites that contain high-quality information (achieving 16-17 in WQA scores) are likely to be found by Irish searchers, none of the websites that an Irish patient is most probably going to be led to by a Google search contain all of the material that the authors believe would provide accurate and unbiased information (as would have been seen by a WQA score closer to the maximum of 22). Moreover, none of the websites assessed in this study were awarded both a high-WQA score in combination with good readability indicators. The conclusion is, therefore, that there is a gap, which could be filled by a good quality website, designed using the WQA tool described in this study, containing all of the information necessary for a patient to educate themselves and make informed decisions about any generic medication they may be taking -and which is also easily read and understood by most members of the general public. By ensuring that such a website was developed in this manner, not only would the website be accessible to more patients but it would also be more likely to rank higher on a google.com SERP.
One of the two websites that received the highest awarded WQA score (of 17) was a bulletin published by the National Medicines Information Centre at St. James's hospital in Dublin. 21 While the information in this article was of high quality, the readability scores it received were relatively low. This is undoubtedly due to the fact that the intended audience of this bulletin was healthcare professionals, and thus, the language used in the article was appropriate. However, it would make it more difficult for a member of the general public to read, so while the information contained in this search result was very good, it may not be of use to, or even read by, a patient. Therefore, for websites providing medical information to the general public, good information cannot stand alone; it must be used in conjunction with an assessment of the readability of the material. The language and syntax used must match the reading and comprehension abilities of the intended audience. The International Adult Literacy Survey revealed that one in four adults in Ireland have problems with even the simplest of literacy tasks; 22 therefore, a key factor in the provision of published medical/healthcare information to patients is the readability of the text provided. This point applies, of course, not only to online information but also to any printed material provided to patients. A recently published method for design and development of medical informationproviding websites could be made use of to ensure that these requirements are fulfilled. 23 The question remains as to who should be responsible for provision of such a website? As recommendations from a 2010 report on the proposed model for introduction of generic substitution and reference pricing in Ireland stated that communication of information about generic medicines to the general public would be a key factor for the success of the proposed changed in the Irish healthcare system, 24 it could be argued that the government, or the Irish Health Services Executive, has a role to play in providing this information to Irish patients. Whatever the answer, many patients using the Internet for medical information do not differentiate between high-and low-credibility sources of information, 25 and so, it is clear that any medical information websites provided to Irish patients need to be assessed for quality of information and readability by the intended audience before they are published on the Internet. As such, the WQA tool, used here for the evaluation of websites providing information on generic medicines, may readily be adapted to assess a wide range of other medical/healthcare information websites.
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